Apraxia of speech (AOS) is a motor speech disorder that disrupts the planning and programming of speech motor movements. In the acute stage of stroke recovery, AOS following unilateral (typically) left hemisphere stroke can occur alongside dysarthria, an impairment in speech execution and control, and/or aphasia, a higher-level impairment in language function. At this time, perceptual evaluation (the systematic, although subjective, description of speech and voice characteristics) is perhaps the only "gold standard" for differential diagnosis when it comes to motor speech disorders. This poses a challenge for speechlanguage pathologists charged with the evaluation of poststroke communication abilities, as distinguishing production impairments associated with AOS from those that can occur in aphasia and/or dysarthria can be difficult, especially when more than one deficit is present. Given the need for more objective, reliable methods to identify and diagnose AOS, several studies have turned to acoustic evaluation and neuroimaging to supplement clinical assessment. This article focuses on these recent advances. Studies investigating acoustic evaluation of AOS will be reviewed, as well as those that have considered the extent that neuroimaging can guide clinical decision making. Developments in the treatment of AOS will also be discussed. Although more research is needed regarding the use of these methods in everyday clinical practice, the studies reviewed here show promise as emerging tools for the management of AOS.
Learning Outcomes: As a result of this activity, the reader will be able to (1) describe shared and unique speech production deficits in apraxia of speech (AOS), aphasia, and dysarthria; (2) identify brain regions that have been implicated in AOS; and (3) discuss how acoustic measures can improve the differential diagnosis of AOS from aphasia.
In the acute stage of stroke, several factors can affect a patient's communicative abilities, including medical status and level of consciousness. These factors aside, damage to the dominant (typically left) hemisphere of the brain, particularly to regions within the territory of the middle cerebral artery, can be especially detrimental to higher-level linguistic functions (i.e., linguistic-symbolic planning) and lower-level planning, programming, and execution of speech motor movements. Damage to the brain's speech and language regions can result in aphasia (a disorder of language), apraxia of speech (AOS; a disorder of speech motor planning/programming), and/or dysarthria (a disorder of speech execution and control). Among the most important factors underlying the nature and severity of poststroke communication impairment(s) during early recovery and the chronic stage (i.e., >6 months poststroke) include the location of the infarct and the extent of brain damage. 1 A proportion of stroke survivors recover spontaneously and do not go on to experience chronic deficits. 2 However, in the acute stage, the factors that are the best predictors of recovery are largely unknown, and it is difficult to identify patients who will have chronic speech and/or language impairments. Early assessment and accurate diagnosis of speech and language impairment are important for initiating treatment to maximize communication outcomes and to facilitate an expeditious return to premorbid activities. Unfortunately, however, speech and language assessment in the early stages after stroke can be challenging due to the inherent difficulty of differential diagnosis between AOS, aphasia, and dysarthria, especially if more than one disorder is present. 3 This is particularly true for the assessment of AOS, as it rarely occurs without the presence of concomitant aphasia.
This article focuses on recent developments in the clinical management of poststroke AOS.
Many of the studies reviewed here focus on AOS in the chronic stage, or progressive AOS (PAOS)
Ã resulting from a neurodegenerative process, as there is a lack of research with a specific focus on acute poststroke AOS. 6 Despite this critical gap in research, this review includes commentary regarding clinical and research applications for acute AOS. In the sections that follow, an overview of apraxic characteristics will be discussed-those unique to AOS, and those that can also occur in dysarthria and aphasia. This discussion will segue into a description of recent work that has investigated perceptual and acoustic measures that show promise in the differential diagnosis of AOS, as well as studies arguing for the use of neuroimaging to facilitate clinical decision-making.
This article focuses on emerging assessment approaches. Some of the methods discussed here may not be ready, in their current form, for immediate use in a clinical setting. Through discussion of these approaches though, this article addresses issues important to AOS management. Readers are therefore encouraged to stay abreast with research developments pertaining to AOS assessment and treatment, and clinicians are also reminded to refer to the American Speech-Language-Hearing Association's guidelines for evidence-based practice when considering new assessment or treatment approaches. 7 CHARACTERISTICS OF APRAXIA OF SPEECH: SHARED AND UNIQUE AOS results from an impairment at the stage of phonetic encoding, when motor codes and muscle commands are formulated from stored sensorimotor programs so that articulatory movements can be handled by the motor system for subsequent speech execution. 8 Speech production in AOS is characterized by articulatory imprecision, reduced speech rate, visible/ audible groping for articulatory postures, and dysprosody, which cannot be explained by a peripheral deficit in muscle paralysis or paresis (i.e., dysarthria), or a linguistic impairment (i.e., aphasia). Stroke-induced AOS rarely occurs in the absence of aphasia, 9, 10 and it may occur concomitantly with dysarthria, especially during the acute phase of recovery, as dysarthria often resolves by the chronic phase if caused by a unilateral infarct. 3 Unlike aphasia or dysarthria, AOS is uniquely characterized by articulatory distortions of errors such as sound substitutions and additions. 11 Effortful struggle during speech production, as well as sound/syllable repetitions and prolongations may characterize all three disorders. 11 Despite that each of the three disorders arises from dysfunction at different levels of production, the overlap in perceptual characteristics often confounds perceptual evaluation and differential diagnosis.
Although distortion errors occur in dysarthria and to some extent in those with phonemic paraphasias (e.g., Basilakos et al 12 and Cunningham et al 13 ), normative data are not currently available to guide clinical decision-making based on the frequency of sound distortions. Instead, the types of distortion errors present in speech may facilitate evaluation. In a study that utilized narrow transcription of apraxic speech, Cunningham and colleagues found that voicing errors, sound prolongations, and lingual distortion errors were more frequent in those with AOS when compared with individuals with phonemic paraphasias but without AOS. 13 When compared with dysarthria, error variability may facilitate the distinction between AOS and dysarthria (although this is not likely the case for the distinction between AOS and aphasia, see Haley et al 14 
)
. For example, when considering just AOS and dysarthria, it is argued that individuals with AOS demonstrate greater variability in soundlevel errors, 15 meaning errors are less predictable when compared with dysarthria, where muscle paralysis, paresis, and/or deficits with motor control may be consistently evident across speech production, diadochokinetic rates, and oral-motor speech tasks (e.g., lingual protrusion, lateralization, elevation, etc.; for further discussion, see Haley et al 14 ) . Moreover, the oral mechanism evaluation for an individual with AOS is generally unremarkable, † but the dysarthrias may be associated with facial, labial, and/or lingual weakness and reduced range of motion, especially if there is cranial nerve involvement.
This overlap in production characteristics poses a challenge to the clinical management of AOS, as a misdiagnosis may lead to the selection of inappropriate treatments. The topic of differential diagnosis has been covered extensively in the literature, and readers are referred to several reviews and studies for additional details regarding perceptual evaluation of disordered speech. [17] [18] [19] [20] [21] Readers are also encouraged to refer to the Apraxia of Speech Rating Scale for a recent guide for the perceptual evaluation of AOS, aphasia, and dysarthria. 11 This scale has shown promise for the differential diagnosis of all three disorders in the PAOS and aphasia literature, with some preliminary support for its use in poststroke AOS. 9, 10, 22 Given the challenges of perceptual evaluation, several acoustic measures have been investigated to facilitate the objective description of speech production, ultimately informing differential diagnosis. The next section focuses on recent studies investigating these approaches. Details of these studies are provided, as well as ways that these measures can be applied to clinical practice.
ACOUSTIC MEASURES TO FACILITATE DIFFERENTIAL DIAGNOSIS
For years following Darley's initial description of AOS, 18 several studies attempted to characterize the disorder using electromyographic/kinematic assessments and acoustic evaluations to supplement perceptually acquired data. [23] [24] [25] [26] [27] Although these studies have provided a wealth of information regarding AOS and have laid the groundwork for the first published diagnostic criteria, 28 many of these studies included small sample sizes and were limited in descriptions of participant † Unless in the case of concomitant nonverbal oral apraxia.
Notably, not all with AOS have nonverbal oral apraxia, and not all with nonverbal oral apraxia have a diagnosis of AOS. 16 characteristics. Research over the past decade has continued to investigate objective measures to characterize apraxic speech. Many of these studies have provided more descriptive participant characteristics and have yielded information about measures that capture variability between diagnostic classes. This work is important to the study of AOS for several reasons. First, the identification of acoustic measures that uniquely characterize AOS has the potential to reduce bias in assessment and in the evaluation of response to treatment. Such measures would also allow for more straightforward comparisons across studies by reducing differences in interpretation of diagnostic criteria (for discussion, McNeil et al 20 )
. Second, scoring criteria for perhaps the most widely used AOS assessment, the Apraxia Battery for Adults, 29, 30 are rather outdated and can falsely diagnose an individual with conduction aphasia and frequent phonemic paraphasias as having AOS (for discussion, McNeil et al 19 ). Developing more sensitive and specific measures of AOS is therefore important for increasing clinician confidence in diagnosis. Finally, some acoustic measures can be obtained relatively easily in a clinical setting. Although the work discussed in this article is still in rather preliminary stages of investigation, the following studies have shown promise in identifying acoustic measures that can be adapted to clinical practice.
Fine-Grained Acoustic Analysis
Subtle articulatory-distortion errors often go undetected when evaluated perceptually, and due to categorical perception, distortion errors may be falsely attributed to phonemic error. 31 In addition to the clinical challenges this poses, difficulties distinguishing between errors that originate at the level of motor planning from those that are phonological in nature have led to debates surrounding theoretical accounts of AOS. This issue has been investigated through assessment of voice onset time (VOT) 24 and analysis of deletion errors that occur in consonant clusters. [32] [33] [34] Collectively, these studies have approached acoustic analysis with the premise that measures of articulatory timing can inform whether perceived substitution and omission errors are subtle articulatory distortions, or if they originate at higher levels of production-at the level of phonological encoding. 24, [32] [33] [34] For example, VOT studies have shown that individuals with AOS produce VOTs that are outside of normal range (relative to control speakers), but within the range of the target phoneme. 24 In contrast, those with phonemic paraphasias and no AOS produce VOTs within the range of the voiceless cognate, 24 suggesting that perceived phonemic errors are indeed substitution errors for those with predominate phonemic paraphasias.
With regard to omissions, Buchwald et al showed that differences in articulatory timing of singleton productions resulting from /s/ omissions in /s/-initial clusters reflects whether the error originated at a phonological or motor planning level, based on the fact that the duration of individual segments in a cluster is shorter than the duration of these same segments as singletons. [32] [33] [34] That is, if the omission error was phonologically driven, production of the following consonant should reflect a singleton production (e.g., small ! mall, duration of /m/ should not differ between cluster reductions or singleton onset productions). If the timing was driven by an error in motor planning, analysis of the cluster reduction production should reveal some timing parameters that reflect the initial cluster onset (e.g., small ! mall, duration of /m/ will be shorter in the omitted cluster attempt when compared with singleton onset production). Although Buchwald and Miozzo found evidence of both types of errors in two individuals with AOS and concomitant aphasia, the individual with more severe AOS demonstrated more frequent cluster reduction errors reflective of a motor planning impairment. 32 Moreover, in a later study, participants who demonstrated more phonetic-level omission errors showed greater gains in a production treatment that incorporated principles of motor learning. [34] [35] [36] These studies show that measures reflective of motor production can guide treatment planning (i.e., a phonological versus motor treatment approach) and may also be used to predict the individuals that are likely to show greater gains in a motor-based treatment.
Pairwise Variability Index
The pairwise variability index (PVI) is a coefficient that reflects differences in the duration of 28 SEMINARS IN SPEECH AND LANGUAGE/VOLUME 39, NUMBER 1 2018 successive consonant (PVI-C) or vowel (PVI-V) segments. Both PVI-V and PVI-C have been investigated in studies comparing cross-linguistic and dialect differences in speech rhythm and in the dysarthria literature. [37] [38] [39] However, only PVI-V has been investigated in AOS (e.g., poststroke AOS and PAOS caused by a neurodegenerative process). 12, [40] [41] [42] [43] [44] PVI-V is calculated by obtaining vowel durations from the spectral signal (e.g., in Praat 45 ), where vocalic segments are identified based on specific criteria across multisyllabic words, [40] [41] [42] [43] [44] 46 phrases, 39, 47 or connected speech. 12, 48 When vowel durations in words (or phrases) are similar, PVI-V coefficients are small, and reduced PVI-V coefficients are arguably reflective of the excess and equal stress that characterizes apraxic speech. [40] [41] [42] [43] [44] In typical speech production, vowel durations are more variable, thus resulting in comparatively higher PVI coefficients.
In the AOS literature, studies that have investigated a rate normalized PVI-V (nPVI-V) coefficient, calculated across the first two syllables of multisyllabic words with a weak-strong stress pattern (e.g., potato), have shown that speakers with AOS have significantly reduced nPVI-V coefficients when compared with those with aphasia, but without AOS (e.g., in poststroke AOS; 40,41 see also Duffy et al 42, 43 and Ballard et al 44 for PAOS). In a large sample of participants (n ¼ 72 total individuals, n ¼ 35 with AOS), Ballard et al found that nPVI-V coefficients obtained from as few as five threesyllable words with weak-strong stress patterns, along with a measure of sound errors (obtained from the "words of increasing length" subtest of the Apraxia Battery for Adults-2 30 ) provided a clinical classification with > 90% positive predictive value and > 80% negative predictive value relative to expert diagnosis as the standard for comparison. 40 According to Ballard et al, 40 obtaining nPVI-V measures for a small number of tokens is feasible in a clinical setting. ‡ This is important, considering that assessments in acute stroke must consider a wide range of speech, language, and swallowing functions, meaning speech-language pathologists are often limited to brief evaluations to establish diagnosis and plan treatment. Establishing a quick and effective diagnostic measure can have important implications for speech evaluations in acute stroke.
Syllable Duration
Evidence from PAOS and aphasia suggests that the rate and duration of word and sentence productions may also be valuable in diagnosis. 42 Duffy and colleagues showed that word duration for the word catastrophe (mean duration after three repetitions) had a high sensitivity (0.90) and specificity (0.91) for PAOS diagnosis. Rate of sentence production also had high predictive value, but sentence production was more difficult for some participants, limiting its clinical utility. Like Ballard et al, 40 this study also showed that clinical classification via acoustic analysis can be based on a small sample of tokens (e.g., three repetitions of the word catastrophe, production of two sentences). Future research should consider the extent that measures of syllable duration may also be clinically relevant for poststroke AOS, as well as if syllable duration provides any nonredundant information when compared with PVI.
Envelope Modulation Spectrum
In the speech signal, subtle fluctuations in the amplitude envelope (the intensity contour of a speech signal) correspond to different aspects of production. Slower, rhythmic modulations correspond to speech prosody (i.e., 1 to 2 Hz) and syllabic structure (i.e., 4 to 8 Hz), and faster modulations correspond to rapid articulatory movements (i.e., above 16 Hz). [49] [50] [51] Amplitude modulation at 4 Hz may also provide a measure of intelligibility. 52 The amplitude envelope modulation spectrum quantifies these fluctuations, and variables obtained from the envelope modulation spectrum have been explored for their utility in differential diagnosis of the dysarthrias and AOS. 12, 52 Specifically, Liss et al found that several variables related to speech rhythm distinguished speakers with dysarthria from typical speakers (95.3% accurate with cross-validation), and that these measures distinguished among the dysarthria types with 84% accuracy (67.4% with cross-validation). In the AOS literature, ‡ The study by Ballard et al provides a helpful tutorial for calculating nPVI-V from single word productions. 40 Basilakos and colleagues found that greater amplitude energy at lower frequencies associated with prosody (1 to 2 Hz) and higher frequencies associated with consonant production (16 to 32 Hz) weighed heavily in clinical classification, with each measure respectively yielding 75% and 80% cross-validated accuracy in discriminating AOS from a group of speakers without AOS, but with aphasia. 12 Moreover, the measure reflective of consonant production (amplitude energy at 16-to 32-Hz modulation) correlated with perceptual evaluations of speech distortions for the individuals with AOS. 12 The studies reviewed previously are promising with regard to the development of acoustic measures to discriminate between AOS and aphasia. However, there are limited data on how these measures fare in acute poststroke AOS, as well as when differential diagnosis must also account for the presence of dysarthria. Another potential obstacle for the use of these acoustic analyses is that they may require some amount of specialized training on the part of the clinician. Ongoing efforts to automate these analyses show promise for their clinical implementation in the near future (e.g., see Shahin et al 53 ). With further validation at both the acute and chronic stages of stroke, as well as PAOS, these algorithms could become available for more widespread clinical use through applications or other technology.
USING NEUROIMAGING TO GUIDE CLINICAL DECISION MAKING
As a result of advances in neuroimaging technology, the utility of structural and functional magnetic resonance imaging has been investigated to determine the extent that neuroimaging data can inform clinical decision-making. These studies have focused on identifying patterns of brain damage predictive of speech and language impairment, [54] [55] [56] [57] and whether different patterns of brain damage predict response to various treatment approaches. 58 In the aphasia literature, these studies have identified lesion locations that predict language impairments, in both acute and chronic aphasia. However, AOS has been associated with a variety of different lesion locations, resulting in debates surrounding the crucial site (s) of damage that cause(s) AOS (for discussion, see Hillis et al 59 and Richardson et al 60 )
. Despite remaining inconsistencies in lesion-deficit studies, possibly related to methodological as well as diagnostic differences, recent neuroimaging work has advanced the study of the neuroanatomical bases of AOS. Findings from structural and functional neuroimaging studies support the notion that AOS is indeed a unique clinical entity dissociable from aphasia, and also inform the study of speech production more generally. 9, 22, 61, 62 Continued efforts to identify patterns of damage that predict apraxic features may facilitate differential diagnosis, prognosis, and potentially shed light on regions that may be targets for brain stimulation therapies. 63 Imaging Evidence from Acute Stroke Studies that have focused on infarct locations associated with acute AOS are limited in number. Before discussing these studies, a description of Dronkers' seminal study on AOS is in order. 64 In 1996, Dronkers published a study comparing lesion overlap maps obtained from individuals with poststroke AOS with a second group of individuals that had experienced a stroke, but did not have AOS. Dronkers found that all 25 with AOS had damage to the superior precentral gyrus of the insula (SPGI), whereas the group without AOS did not have damage to the SPGI. Additional work from Dronkers' group (e.g., see Baldo et al 65 ) and a spurious association between damage to the anterior insula and apraxic impairment, 69 better explained by the fact that the insula is commonly damaged in large left hemisphere strokes. 70, 71 Hillis et al also argued that lesion-deficit studies should investigate individuals acutely, prior to recovery and possible reorganization of responsible brain regions. 59 To do so, Hillis et al studied a group of 80 patients within 24 hours of stroke, identifying 31 with AOS and 49 without. Of those with AOS, over half (n ¼ 19) did not have damage (measured as infarct or hypoperfusion; i.e., decreased blood flow to a given region) to the SPGI. The majority (n ¼ 26) had damage to Broca area. A remaining five participants did not have damage to either region; rather, the pre-and postcentral gyri were affected.
The results from Hillis et al's study suggest that damage to Broca area, as well as to the pre/ postcentral gyri, are associated with AOS in the acute stage. This has been supported by other acute stroke studies using voxel-based group analyses (e.g., see Itabashi et al 61 and Hickok et al 72 ), a lesion overlap study of individuals with "pure AOS" (n ¼ 5) and "equivocal aphasia" (n ¼ 2), 9 and single case studies of pure AOS. [73] [74] [75] Imaging Evidence from Chronic Stroke Broca area, 65 the pre-and postcentral gyri, and the supramarginal gyrus have been implicated in chronic AOS. 10, 22, 62 Studies that controlled for aphasic errors either through multivariate analysis methods or through selection of individual cases showed that damage to these areas produces speech production deficits that can be dissociated from the linguistic deficits that occur in aphasia. 9, 10, 22, 75 This suggests that when AOS results from lesions to these areas, individuals may be less likely to resolve over time, resulting in chronic impairment. No published study has evaluated this hypothesis with longitudinal data; further research is needed to identify structures and connections less amenable to early recovery of speech planning and programming processes.
Apraxia of Speech as a Network Impairment?
The studies reviewed previously provide important information pertaining to regional damage that predicts AOS, even though identifying a one-to-one correspondence between a specific infarct location and deficits associated with AOS has remained elusive. Neuroimaging methods that allow for the inspection of regional brain connections have been used to show that compromise to networks of interconnected regions may better explain poststroke deficits. 76 Moreover, the integrity of these networks may influence recovery-spontaneous or treated (e.g., Bonilha et al 77 ). It is widely accepted that the brain works as an interconnected network of regions, meaning that damage to one anatomical area can (and typically does) affect processing in regions both structurally and functionally connected to the area of infarct. 77, 78 Functional and structural connectome measures have been developed using data acquired from resting state functional magnetic resonance imaging (functional connectome) and diffusion tensor imaging (structural connectome), both of which have been applied to the study of communication deficits in stroke survivors. 54, 55, 62, [77] [78] [79] [80] [81] To date, only one published study has directly evaluated network connectivity in speakers with AOS. This study by New and colleagues found that when compared with a group of stroke survivors without AOS (n ¼ 17), those with AOS (n ¼ 15) displayed (1) functional connections between the left and right premotor cortices that were reduced in strength, and (2) an inverse relationship between left premotor cortex and right anterior insula, where decreased activity in the left premotor cortex was associated with increased activity in the right anterior insula. 62 The reduced connections between the premotor cortices were correlated with expert-rated AOS severity, indicating that damage to the left premotor region can affect how both hemispheres support speech motor planning and programming. New et al's study emphasizes that connectivity measures are vital to understanding how neural networks are affected in AOS, giving rise to speech impairment. 62 Specific to the acute phase, future studies should consider how functional connectivity changes through spontaneous and treated recovery, as well as the role of perilesional regions and intra-and interhemispheric connections in plasticity. 82 Based on the studies reviewed here, neuroimaging techniques show promise for informing assessment and prognosis, and with more work, these advances could potentially guide the selection of different treatments. 68, 83 At this time, imaging should not be used as the sole means of diagnosis for any communication impairment. However, preliminary work suggests that using sensitive and specific measures, together with diagnostic imaging, may be useful to support diagnosis. 22, 55 More research, specifically focusing on the implementation of these methods into everyday clinical practice, is necessary to confirm the utility of neuroimaging to guide clinical decision making in AOS. 63 
EMERGING TRENDS IN TREATMENT
Although treatment was not the specific focus of this review, a recent systematic review suggests AOS treatment is effective. 84 The articulatorykinematic approach is supported by a considerable evidence base that demonstrates its efficacy for improving speech production in AOS, and there is modest support for the rate/rhythm approach. Other approaches have been identified, including compensatory use of augmentative and alternative communication devices, and intersystemic reorganization, such as pairing speech production with gestures. In addition to these approaches, innovative treatment methods that have been studied in aphasia are now being considered for the management of AOS. Two such methods include the use of noninvasive transcranial direct current stimulation (tDCS) and self-administered computer-based therapy. [85] [86] [87] [88] Transcranial Direct Current Stimulation In two double-blind studies, Marangolo et al showed that using tDCS as an adjuvant to speech production therapy increased production accuracy, beyond the gains made from the therapy with sham stimulation. 85, 87 However, both studies were limited in sample size (three and eight individuals) and gains varied across participants. Moreover, these studies tested individuals with chronic AOS. There are no published studies that have investigated the use of tDCS in early phases of AOS recovery, though the few that have considered tDCS for early stages of stroke recovery suggest that its use is promising for improving plasticity at the subacute stage. 89, 90 Self-Administered Computer Treatment The ubiquitous use of smartphones and tablet devices has resulted in the development of applications that patients can download and use in addition to (or following discharge from) speech-language rehabilitation services.
There is some positive evidence for the use of computerized treatment to improve naming and repetition in individuals with AOS and concomitant aphasia. Using a randomized controlled trial that included 50 participants, Varley et al showed gains in naming and repetition that were directly proportional to the amount of time participants used the program. 88 This study provides support for the use of computerized treatment for AOS; however, at this time, there are no studies that have evaluated whether research-backed approaches for AOS (e.g., articulatory/kinematic) can be successfully delivered via computer or tablet. Further, no studies have assessed the efficacy of computerized treatment for AOS at the acute or subacute stage, when stamina for treatment may be complicated by other factors. Nevertheless, using commercially available apps to deliver speech-language therapy may be a feasible supplement to traditional speech therapy in early phases of recovery. 91 
CONCLUSION
The premise of this article is that reliable and objective evaluation of AOS is crucial for its management. Treatment success hinges on an accurate diagnosis and evaluation of the speech production impairment(s) with which an individual presents. Clinically, adopting objective methods for diagnosis is crucial for the following reasons: first, after an individual experiences a stroke, communication may be impaired for several reasons aside from AOS. The few studies investigating acute AOS report mutism in the early stages, which is a limitation to the assessment of communicative function. Though these studies report such symptoms resolve over time, and patients ultimately present with characteristics of AOS, 6 ,67 the use of neuroimaging in such complex cases may shed light on the types of impairments a patient may experience as production deficits evolve. Second, using acoustic measures during initial assessments can provide baseline measures with which to track response to AOS treatment, which is especially important considering that perceptual evaluation of speech can become biased as a therapist becomes familiar with a patient's speech.
Theoretically, the acoustic speech analysis and neuroimaging techniques discussed here have the potential to advance the study of AOS not only by improving differential diagnosis, but also by providing more objective means to compare participants across studies. Though neuroimaging data may not always be available in research studies, reporting acoustic measures, in addition to other diagnostic tests, could provide a quantitative means by which to compare participants across studies from different research groups. Of course, more normative information regarding these acoustic measures is required first.
In sum, many new developments in the management of AOS are aimed at increasing reliability of objective assessment and quantification of motor speech impairments. Unfortunately, there is a lack of research investigating AOS in acute stroke, as well as its resolution longitudinally. Future studies should consider applying methods such as those reviewed here to advance our understanding of AOS in acute stroke, as well as its progression into the chronic stage of recovery.
